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^The  heat  transfer  properties  of  protective  headgear  have  been  determined 
in  chamber  studies  using  a physical  model  (copper  manikin).  The  evaporative 
heat  transfer  (l,i/clo)  fraa  a head  in  ^still*^  air  was  constant  above  a stand- 


off distance  of  1.27  cm.  for  helmets  with  a constant  head  area  coverage  (67%). 
Reducing  the  head  area  coverage  from  67%  to  47%  was  necessary  to  significantly 
Increase  the  evaporative  heat  transfer  for  a helmet  standoff  distance  of 
1.27  cm.  The  effect  of  wind  on  the  heat  transfer  properties  of  selected  head- 
gear  with  varying  designs  was  to  decrease  the  values  of  Insulation  (do)  by 
about  60%  and  increase  those  for  the  evaporative  heat  transfer  (i|^clo)  by 


about  4 times  the  ^still*^  air  values. 
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There  are  Aaerican  l}atloi,al  Standard  safety  requiren^nts  for  Industrial 
head  protection  which  established  specifications  for  protective  helisets  (1)» 
However,  even  though  heat  stress  is  considered  an  occupational  hazard,  little 
quantitative  infornation  is  available  in  the  literature  on  the  contribution 
of  protective  helmets  to  the  total  heat  stress  Imposed  on  indivldt^als  working 
in  a hot  environment.  This  lack  of  information  was  made  evident  when  the 
US  Arcqr  Besearch  Institute  of  Environmental  Medicine  (DSARIIM)  was  asked  to 
proxdde  physiological  research  support  to  a program  for  the  design  and  develop- 
helmet  for  the  infantry  soldier  (2).  As  part  of  this  support, 
this  study  presents  s review  and  analysis  of  experimental  approaches  using 
data  (do  (3),  ij|/clo  (4),  and  i^  (5))  obtained  on  a heated  sectional 
which  allows  direct  measureewnt  of  the  heat  lv-»ss  from  just  he  head  section. 

One  do  is  defined  as  that  smemnt  of  insulation  required  to  a resting 

nan  (netabr  i 58  w/n^)  In  comfort  with  a mtma  skin  t«^»erature  of  33.3*C 
(92*F),  at  an  asdnent  teaqierature  of  21.1*C  (70*F),  an  air  novement  of  0.05  n/s 
(10  ft/nin)  or  less,  and  the  relative  humidity  of  the  air  equal  to  5IS  or  less. 
One  "do”  is  equivalent  to  an  insulation  value  of  0.1558i^*C/w  in  S.I.  tmlts. 

^ evaporative  heat  transfer  tern.  For  a given  valtw  of  in- 
sulation (do),  the  greater  the  value  of  i^/do,  the  greater  tl^  effident^  of 
evaporative  heat  transfer  thrtnigh  the  insulation.  The  1,  term  is  a dimnslon- 
less  quantity  t^th  a theoretical  lotNsr  limit  of  0 (a  system  with  no  ev^iora- 
tive  heat  transfer)  and  an  upper  limit  of  1 (air  layer  over  e wtt  bulb  in  wind). 
Thermal  evaluations  of  available  standard  U.S.  and  foreign  helmets,  a riot 
contKil  helmet  and  a football  helmet  measured  under  both  "still"  and  forced 


air  conditions  are  included. 


( ( 

a . Some  Heat^-Stress  Probleas  Caused  by  Wearing  Heltsets 

Heat-stress  problems  caused  by  wearing  helmets  usually  involve  consider- 
able wearer  disc<Hofort,  including  sweat  dripping  into  the  eyes  and  causing 
them  to  burn,  sweat  collecting  in  the  ear  cushions  of  ’’crash”  helmets  and 
running  into  the  ears,  sweat  gathering  in  foam  pads  and  running  down  the 
face  when  the  pads  are  compressed,  and  an  itchy  scalp  caused  by  sweatband 
irritation  of  the  skin.  Since  these  types  of  problems  continue  as  long  as 
the  helmet  is  worn,  temporary  relief  is  usually  obtained  by  reim>val  of  the 
helmet.  In  addition,  there  appears  to  « an  instinctive  feeling  for  promot- 
ing air  ventilation  around  the  head  by  spacing  the  helmet  away  from  the  head 
and,  in  some  cases,  holes  are  drilled  in  heltaets,  even  at  the  risk  of  compro- 
mising their  head  protection  fef.tures,  although  the  evidence  for  extra  ccmifort 
is  debatable. 

b.  Review  of  Physiological  Studies  on  Head  Heat  Loss 

Three  publications  are  of  particular  interest  in  any  study  of  the  heat 
transfer  properties  of  headgear.  Slple  (6)  stated  tliat  exposure  of  the  bead 
in  the  cold  accounts  for  a large  percentage  of  body  heat  loss  since  beat  is 
lost  in  increasing  quantities  from  the  head  as  the  themal  gradient  increases. 
This  prediction  was  verified  by  Froese  and  Burton  (7)  vba  directly  la^asured 
the  nonevaporative  heat  losset  fr(na  a bare  head  using  a temperature  gradient 
calorimeter.  This  study  shen^t'd  that,  because  there  is  little  or  no  vaso- 
constriction in  the  head  when  it  is  exposed  to  cold  te^eratures,  the  heat 
loss  from  the  head  assoxxats  to  half  of  the  total  resting  heat  production  of 
a man.  Finally,  Edwards  and  Burton  (8)  Investigated  the  distribution  of 
skin  t^peratvre  over  the  surface  of  the  head  and  presented  a figure  showing 
a detailed  mapping  of  these  surface  temperatures. 


c.  ^vlew  of  Published  Helaet  Studies 

\ report  by  Vlnsmasn  ($)  deals  with  the  thermal  protective  character- 
istics of  a CVC  (Combat  Vehicle  Crewmen,  taohers)  helmet  in  arctic 

and  hot  environments.  His  results  were  based  on  measured  l^sd  t^peratures, 
and  subjective  coraaents,  and  indicated  that  the  CVC  helmet  provided  environ- 
mental protection  equal  to  a pile  cap  with  ear  laps  down  at  -23.4*C  air 
tesperature  and  about  1,2  meters/second  air  flow.  Eaviron^ntal  protection 
in  a heat  stress  situation  was  about  equal  to  a baseball  cap  at  29.4*C  air 
temperature  and  about  1.3  meters/second  air  flow. 

Van  Graan  and  Strydom  (10)  investigated  the  effect  of  reducing  heat 
*« 

stress  by  providing  \ imtilating  holes  in  hard  hats.  They  ct^iared  a hard  hat 
without  holes,  a second  hard  hat  with  two  1.27  cm.  dlaaetcr  holes  at  the  tf^ 
of  the  hard  hat  and  a third  with  six  equally  spaced  0.635  cm.  diameter  tniles 
around  the  circumference  of  the  hard  hat.  I^ese  hard  hats  were  cellared  on 
the  basis  of  teaperature  reoults  using  three  thenm)ccmple8:  one  located  at 
the  top  of  the  subject's  head,  another  spaced  2.54  cm.  from  the  top  of  the 
head,  and  a third  placed  at  the  inside  crown  area  of  the  hard  hat.  Tt^r 
results  stujwed  no  difference  in  head  surface  temperature  a^mg  the  three 
hard  hats.  The  air  te^crature  ^ove  the  head  showed  no  different  betweM 
wearing  the  hard  hat  without  holes  or  the  hard  hat  with  the  t»K>  1.27  cm,  dia- 
meter holes  at  the  crown  of  tte  hard  hat.  However,  the  results  for  the  hard 
hat  with  six  equally  spaced  0.635  aa.  diameter  holes  around  the  rim  suggested 
that  the  air  t^nperature  at  tte  thermocouple  measuring  position  inside  the 
hard  hat  was  higher  with  the  six  holes,  than  with  eltter  the  txo  1.27  aa. 
diameter  ho3es  or  no  hole,  for  the  cool  air  environmental  conditions,  when 
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the  subjects  were  at  rest;  when  the  subjects  wete  doing  a step  test  In  the 
hot~dry  condition  a Itmer  Inside  air  teeperature  was  registered.  These  latter 
two  findings  suggest  tliat  sooe  of  the  inconlng  nlr  was  diverted  through  the 
sis  holes  around  the  ris  of  the  hard  hat  rather  than  passing  ovet  the  top  of 
the  head.  However,  tl^se  air  t^^ierature  differences  had  no  significant 
effect  on  head  cooling  since,  for  all  hard  hats,  head  and  Inside  crown  area 
of  the  hard  hat,  teiperatures  shewed  no  difference  for  any  of  the  respective 
experl^ntal  conditions  and  subject  activity  levels. 

Col@an  and  Hortagy  (11)  studied  the  heat  retention  qualities  of  five 
different  eodels  of  football  helsets.  These  helsets  differed  prlaarily  in  the 
design  and  coopositi^  of  their  suspension  systeas.  .M.r  te^$er«tures  iseasured 
"with  themistors  inserted  2.5  ca  into  the  ri^t  snterior  ami  left  posterior 
quadrant  of  each  I^laet”  show^  a significant  difference  bett^M  helaets  with 
web  suspersion  systea  (lower  air  t^peratures) , and  those  with  font  fitting, 
inflatable  and  haeciock-suspension  systess. 

d.  Review  of  Previous  Laboratory  Studies  (utgubllshed) 

£oth  "^ug-flttlng**  ai^  "close-fitting"  headgear  with  vmtilating  tuples 
were  stt^ed  prevlcusly  at  U&UtlEM  using  electrically  iMted  sectional 
copper  aanikin  as  the  p^slcal  aodel.  A "close-fitting",  "hard"  telaet 
(original  Kayes-Stewart)  cemtnining  an  air  ventilation  ^^ing  at  the  top  (see 
Figure  lA)  was  evaluated  (m  the  aanikin  to  deter^ne  if  this  ventilation  open- 
ing significantly  laproved  head  cooling  is  "still"  air  or  in  air  flows  up  to 
5 eaters/second.  This  study  sl^^  that  tte  ventilating  openit^  provides 
little  advantage  in  increasi^  evaporative  heat  transfer  (ie/clo)  itam  the 
head  in  "still"  air  conditions,  although  with  higher  air  flows  there  api^ars 
to  be  a sli^t  advantage;  both  helsets  provide  an  air  space  around  tlw  tead 
which  is  readily  disturbed  in  wind. 


^ I 

A ** snugly-fitting” , ’^soft”  l^laet  (standard  Vest  Gerean  tankers)  con- 
sisting of  a foaa-rubber  liner  and  reinforced  fron  skull  to  nape  of  the  neck 
by  a flexible  polyethylene  strip  was  also  studied.  S<^  ventilation  Is 
presanably  available  at  the  sides  by  three  screen  gro^ets  and  through  tito 
air  passages  running  froa  the  front  to  the  back  of  the  he^  (see  Figure  13). 
This  helmet  was  evaluated  on  the  nanlkin  to  deteralne  tte  effect  of  such 
air-ventilating  grocaets  on  the  evaporative  heat  transfer  (Iq/cIo)  froa  t\m 
head.  The  results  stenied  that  sealing  the  ventilating  grceaets  on  tl^  side 
of  the  heleet  aade  little  difference  in  the  evaporative  l%at  transfer  froa 
the  head  in  "still”  air.  However,  in  an  air  flow  of  3 Mters/second,  seal- 
ing these  ventilating  grot^ts  reduced  the  evaporative  heat  transfer  by 
^out  lOZ.  Apparently,  since  this  helset  fits  snugly  to  the  l^ad,  increas- 
ing the  sir  movemoit  arotmd  the  he^  with  thm  ventilating  grooats  sealed 
has  little  effect  ou  the  eveporative  heat  transfer  free  the  erea  of  the 
bead  covered  by  the  belaet. 

CEIIERAL  H£T»)1» 

Menlkin  heed  section  do,  i^,  end  i^/clo  values  mre  deterain^  by  the 
•ctlwids  descrited  in  an  earlier  paper  (12)  following  the  sumdardix^,  ex- 
perimental procedcres  act  forth  in  tmr  Staadard  Manikin  Proe^ure  aeaor- 
anda  (13)  • The  Iwad  section  of  the  sanikin  is  considered  cs  tim  t^t  section; 
the  rewai.ning  five  sections  (torso,  seas,  hai^,  legSs  and  feet)  are  con- 
elder^  as  guard  sectiems.  The  osiikin  is  co^letely  em^losed  in  a skin  of 
fora-fitting  wulerwear  eaterlal  and  dressed  in  a basic  dothing  ens^i>le 
consisting  of  tropical  fati^es,  one  paxr  of  socks,  and  a pair  of  black 
leather  boots.  In  these  sti^ies,  the  ^nikln  was  placed  In  a standing  posl- 
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tion  near  the  center  of  an  enviroK-ental  ctwaher,  feeing  two  fans  which 
directed  air  at  the  head  of  the  aaslhtn.  A heloet  was  placed  on  the  oaoikln's 
head  and  the  Insulation  value  (do)  was  deceratned  for  the  0.1  a/s  nonaal 
chanber  air  fl<sr  (l.e.,  "still**  air  condition,  with  the  two  fans  off)  and 
for  a forced  air  flow  condition  of  3 e/s  (i.e.,  with  the  two  fans  running). 
Slailarly,  after  the  eanikin's  skin  (underwear  catcrial)  was  wet,  tl*  evap- 
orative heat  transfer  value  l^/do  vas  deterslned  for  the  “stUl"  and  the 
forced  air  conditions. 


RESULTS 

Suhstudj  1:  Thertial  Properties  as  a Funetltm  of  Sta^off 
blst^»  froe  ileai 

There  vas  little  or  ^ systcssatic  data  on  the  evaporative  heat  transfer 
cooling  r^:;^  (i^do)  for  any  dose-fitting  helset  systea.  Such  Infoma- 
tioa  for  a selected  close-fitting  helnet  cmfiguratitm,  added  to  infomation 
cm  siailar  helots  with  less  or  greater  spacii^  dist^ccs  fros  the  head, 
should  dcfltMS  an  optima  spacing  frcm  the  head  for  evaporative  heat  trans- 
fer, if  ^7  such  exists. 

A luwter  ^Id  of  the  tTanlkin*s  head  vms  ai^e,  and  a set  of  aolds  were 
cast  lAich  ccmtaittcd  a controlled  a^nint  of  standoff.  Fl-^  t^re 

vacwa  fcsraed  with  standoff  distance  ranging  froa  approxinatel;  0 ». 
(smigly-flttinK)  to  2.SA  cs.  (very  loosely-fitting)  in  0.635  c*.  incrcaents. 
All  five  helsets  provided  a ccmstant  head  area  coverage  of  approxisately  67% 
of  the  total  Anikin  ctcad  surface  area  (see  Figure  2). 

Figure  3 graphically  depicts  insulation  (do)  and  evaporative  Imat 
transfer  (l»/clo)  ac  a functicm  of  standoff  distance  for  these  5 helnets. 


Tfcsse  results  show  that  hel^t  fc>.  1 and  0 ca.  sta«ioff,  practically  eUalnated 
any  evaporative  heat  transfer  fros  the  area  of  the  head  covered  by  the  l^lset; 
essentially  all  the  evaporative  beat  transfer  frta  the  bead  oceorr^  over  the 
uncovered  area  of  the  head  (abrait  33X  of  ttw  surface  area}.  Forttar- 

^re,  for  the  "still**  air  ccmdlCion,  there  is  little  difference  in  tlw  evapor- 
ative heat  trsisfer  itgjelo)  bett^en  this  snugly-fitting  hel»t  and  one 
spaced  0.635  cm.  mny  tros  the  tead  (helset  Ho.  2).  ^patently  the  first 

0. 635  cm.  spacing  artsind  tlHs  top  of  the  t^ad  consists  of  essentially  dead  air 
space.  %»»ver,  ooeo  the  standoff  distance  reacts  1.27  cm.,  there  is  a 
significant  increasei  ^at  tmsfer  but  there  Is  Uctle  differ^^e  in  ie/do 
l^t)»en  this  and  the  next  ti»  belacts  covert^  tte  1.27  cm.  to  2.S4  cm*  spac- 
ing raof^.  Tlnjs  0.635  cm.  Is  t^  imall  to  have  tn^ch  effect  m eva^radve 
beat  transfer  In  ‘'still'’  air  while  1.27  cm.  produces  as  imch  l^nefit  as 

1. MS  or  2.56  em.  It  emo  be  seen  that  tim  in^latlcm  valt^  (do)  reach  a 
.maximum  va^ie  0.635  cm.  stsi^Ioff  distance  tl^^  decrease  with  in- 
creasing stu^ot  distent. 

Althm^  the  snugly-fitting  helmt  (no  standoff)  did  i^t  l^nre  a tri^sped 
air  space  to  provide  insolation  between  the  bead  and  the  telmet  in  "BtUl" 
air,  at  3 Mters/sc»^  air  moti«i  the  sm^y-fitting  helmet  ms^  tte  .635 
st^^off  I^li^t  provide  ^eater  insulation  th^  wsj  of  t^  other  telmets;  the 
"de^"  air  s^  ice  betM^  tim  helmet  a^  the  tead  at  sta^ff  dlstn^  beyond 
0.635  oi.  is  mar  distai^^.  Ccm^rersely,  the  ev^»ratlve  heat  transfer  from 
the  he^,  whl^  did  ^t  slww  an  increase  in  "still"  air  co^itiwis  mtil  the 
1.27  c%.  standoff  distance  was  reacts  (again  beomse  of  tl*  dead  air  space 
with  the  0.635  cm.  standoff  helsst).  with  ^jving  air  (3  netcrs/second)  st^ws 
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a disturbance  of  the  "dead**  air  lo  the  0.635  es.  space j the  valtfe  for  the 

0,635  cm,  standoff  increases  to^rd  the  nearly  constant  evaporative  ^'At 

transfer  value  of  the  1.21,  2.005,  and  2.54  tm.  liuljwts. 

^bstt^y  2%  Effect  of  Vcotilatlnt  Slots  In  an  M^l  Heleet  Liner 
on  Evapoi^tive  Heat  Transfer 

Altlwagh  neither  our  helnet  study  using  a ventllatii®  cap  at  the  top  of 
the  original  Hayes-Steuart  heli^t  nor  the  study  (10)  c^parlng  sioers  hard 
hats  with  ventilating  openings  stewed  any  significant  iKprov^^at  in  tte 
ventilating  properties  of  the  respective  helots,  a further  looh  at  tte  air 
v^tila^ng  openings  in  telnets  was  undertaken  tc  see  if  a c^rlaation  of 
v^tilatlng  slots  at  the  tt^,  md  around  the  helaet,  equal  to  ^<mt  K of  the 
total  surface  area  of  tte  telaet  would  stew  a difference  in  ^t  eiraporative 
heat  transfer  In  ^stUJL**  air.  An  H-l  helset  liner  mms  aodlfied  by  cutting 
cmt  ten  ventilatit^  slots,  raMvlsg  about  8S  of  tte  total  teliset  Ui^  surface 
area.  Two  of  tbMC  slots  were  It^ted  on  each  side  of  tte  helMt,  Ofo  in  tte 
• rear,  thr(W!  in  tte  front,  and  one  on  top  of  tte  telmt  (see  Fii^re  4),  It 
la  apparent  froa  tte  results  given  in  Table  1 that  this  a^unt  of  open  area 
in  a telnet,  and  tte  location  of  ttese  ventileting  slots,  «h>es  allow  tm  is- 
«eaM  in  net  evaporative  beat  transfer  in  ’’still”  air,  but  offers  little 
bemfit  at  an  air  flow  of  3 ^ters/secote.  Since  ^is  teloet  Uner  is  spaced 
ab^t  1.27  cm.  from  tte  head,  th^e  results  are  l^iortant  in  lUostrati^  tte 
ord^r  of  aaq^tude  of  ventllatii^  openings  and  tteir  location  areis^  Ala 
ty^  of  “dcse-fittii^”  teli^t. 

Substwiy  3:  Area  D>^rage  Effects 

Tte  effect  of  tead  area  coverage  on  tte  heat  transfer  propsrti^  of 
tela^ts  was  investigated  by  rcnoving  three  2.54  strips  ttim  tte  bottM 
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Fl^re  5.  w»lse*  (clo)  la  "atlU'*  air,  iacreasa  nearly 

with  l>crea»i^  atm  canxs^t  tFlgsrc  51);  la  aa  air  flcar  of  3 **ters/ 

accoad  {Flgare  SA),  ttey  do  ast  iaorease  astU.  a area  coverage  of  ab<mc 
552  Is  reac^^.  Tte  evaporative  teat  transfer  (l^/clo}  vaiees  la  "stlU** 


&fZl  they  are  relatlvelT  at  aa  air  flow  of  3 ^ters/ae^a^.  It  1* 

of  later^t  to  c^ai<^  the  tm  mxr^t  tea^  area  sjverage  tel^ts  (67% 

471  head  area  coverage) . Tte  qa^tlty  of  hetoet  material  raev^  c»i- 
dats  of  ^^t  WZ  of  tte  ^terial  of  tte  1.27  cm.  stas^ff  telmt.  Ite  is 
crease  is  eva^ratlve  teat  tr^afer  Hfs/dm}  is  ’’still*’  air  as  a r^alt  of 
tfaia  d^rease  is  hMd  area  courage  aeaosta  to  ab<mt  20%.  Tte  telmt  User 
studied  with  the  tea  ^^llatlag  slots,  eqoal  to  rmaoval  of  ^ast  S of  tte 
teteet  liaat  mterial,  i^reas^  tte  evaporative  teat  transfer  (i^/clo) 
a6«^  35%  is  air.  Cos^risg  these  resolts  with  tte  preview  fisd- 

i^^  with  telseta  with  ventllatl^  opealsgs,  su^^ts  ttet  tte  tsa^er  ai^ 
lacatleaa  of  these  v^tilati^  c^eait^  eoeld  te  tsre  i^>ort^t  than  tte 


total  area  coverage  of  tte  telmei 


for  H-l  teleet  Liner 


Asf  gives  ssspessitm  systes  i^^fies  tte  evai^rati'^  teat  transfer  pa- 


rties of  a tel«t,  is  part  by  tte  total  ted-*At5^^sio3  syst@  ^mtact 
ea,  by  tte  dlstriwties  of  this  contact  area  ^er  the  teed,  a^  by  tte 
terial  c^^osltios  @d  thiefcsess  of  th*  st^pession  systea.  Three  re- 


movable  suspension  systems  (Figure  6)  for  the  M-1  helmet  liner  were  studied 
to  determine  if  any  measurable  differences  in  the  evape tative  heat  transfer 
(ijj/clo)  from  a head  could  be  detected.  An  earlier  study  using  a single 
circuit  copper  manikin  determined  total  do  and  im/clo  values  for  these 
three  helmet  liner /suspension  systems  as  part  of  a complete  ensemble.  These 
experimental  results  obtained  in  "still"  air  are  shoxm  in  Table  IIA.  Since 
these  values  are  for  the  total  manikin  surface  area,  the  contribution  from 
the  head  is  masked  by  the  contributions  from  the  other  areas  of  the  manikin. 
Table  IIB  shows  the  evaporative  heat  transfer  values  (ija/clo)  for  these  three 
helmet  liner/suspension  systems  determined  tn  the  sectional  manikin.  Although 
the  im/clc  values  iii  each  Table  are  grouped  closely  together,  the  evaporative 
heat  transfer  from  the  head  given  by  the  im/clo  values  in  Table  IIB  are 
almost  twice  those  for  the  complete  enseuble.  However,  even  restricting  the 
evaporative  heat  transfer  measurements  to  the  head  alone  showed  little  differ- 
ences among  the  im/clo  value.,  for  the  heliaet  liner  with  either  the  sta-idard, 
HEL  (Human  Engineering  Laboratory,  Aberdeen  Proving  Ground,  IID),  or  the 
Welson-Davis  removable  suspension  systems. 

Substudy  5;  Face  Shield  Effects 

A standard  M-1  helmet  and  a commercial  riot  control  helmet  (see  Figure  7) 
were  studied  to  determine  the  effect  on  the  heat  transfer  properties  of 
helmets  when  a face  shield  is  worn  in  the  down  position.  Table  III  shows 
that  measurable  differences  in  insulation  (do)  and  eveporative.  heat  transfer 
(ifli/clo)  were  obtained  when  comparing  face  shields  in  the  "up"  and  "down" 
positions.  The  insulation  values  increased  by  about  0.1  do  and  the  evap- 
orative heat  transfer  values  decreased  by  about  0.05  in/clo.  Increasing  the 
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air  flow  decreased  the  insulation  values  of  both  helmets  by  about  60%, 
with  face  shields  in  the  "up"  or  "doxai"  position,  and  increased  the  evap- 
orative heat  transfer  values  by  about  5 times  the  "still"  air  values. 
Substudy  6:  Thermal  Characteristics  of  Selected  Helmets 

The  helmets  shown  in  the  photographs  of  Figure  8 are  of  assorted  shapes 
and  sizes,  ranging  from  "snug-fitting"  to  "loose-fitting",  from  compara- 
tively rigid  suspension  systems  to  flexible  suspension  systems,  and  include 
suspension  systems  fabricated  from  materials  of  various  moisture  permea- 
bilities. From  Table  IV  it  is  noted  that  the  data  for  the  Aircrew  APH-5 
helmet  are  consistently  anxing  the  highest  insulation  ilues  (do)  and  the 
lowest  evaporative  heat  transfer  values  (in/clo)  for  t.ie  "still"  and 
3 meters/second  air  flow  conditions.  This  is  mainly  because  of  its  very 
close-fitting  design.  The  English  and  the  Italian  infantry  helmets  con- 
sistently show  the  lowest  insulation  (do)  and  the  highest  evaporative  heat 
transfer  values  (ijn/do),  apparently  because  of  their  high  proportion  of 
uncovered  head  surface  area.  Overall,  increasing  the  air  flow  from  "still" 
air  to  3 metars/second  reduces  the  insulation  (do)  for  all  helmets  by 
ri  about  60%  and  Increases  the  evaporation  (i^/do)  by  about  A times  the 

"still"  air  values. 

DISCUSSION  AND  CONCLUSIONS 

It  is  difficult  to  establish  any  meaningful  differences  in  "still"  air 
in  the  heat  transfer  properties  of  headgear  with  and  without  ventilating 
i hoASs.  Although  the  M-1  helmet  liner  with  10  ventilating  slots  spaced  over 

the  helmet,  providing  about  8%  of  open  space  in  the  helmet  liner,  did  show 
an  increase  in  evaporative  heat  transfer  from  the  nead,  slmplj  making 
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sevaral  holes  around  the  helmet  or  at  th  top  is  apparently  of  little  benefit 
in  increasing  the  evaporative  heat  transfer  from  the  head.  Removing  strips 
of  material  from  the  bottom  edge  of  a helmet,  originally  covering  about  67% 
of  the  head  (standoff  distance  of  1.27  cm.),  shows  little  improvement  in 

evaporative  heat  transfer  until  about  30%  of  the  helmet  material  has  been  re- 
moved. For  a constant  head  area  coverage  of  67%,  the  evaporative  heat  trans- 
fer was  constant  above  a standoff  distance  of  1.27  cm.  In  wind,  ventilat- 
ing holes  appear  to  increase  the  evaporative  heat  transfer  for  a snugly- 
fitting  helmet  but  have  negligible  effect  on  all  other  helmets.  Increasing 
the  air  flow  from  "still"  air  to  3 meters  per  second  reduces  ihe  insulation 
(do)  for  all  nine  selected  headgear  items  by  about  60%  and  Increases  the 
evaporative  heat  traiisfer  (im/clo)  by  about  four  times  the  "still"  air  values. 

The  surface  area  affected  by  a helmet  is  relatively  small  ccmpared  with 
the  total  body  surface  area.  Any  benefit  in  the  heat  transfer  properties  is 
"more  apt  to  be  reflected  in  improved  head  ccsufort,  rather  than  In  any  exten- 
sion of  overall  physiological  tolerance  time.  A decrease  in  headgear  insula- 
tion of  0.1  do  with  an  insulation  range  of  1.0  to  1.5  do  will  result  In  an 
increase  in  convective  heat  transfer  from  the  head  of  between  0.4  and  1*0 
watts.  Increasing  the  i^/clo  by  0.1  increases  the  evaporative  beat  transfer 
from  the  head  by  about  2 watts  for  a vapor  pressure  difference  between  the 
head  surface  and  ambient  air  of  10  mm  Hg.  Thus,  in  terms  of  practical 
differences  in  heat  loss  from  the  head,  none  of  these  helmet  alterations  seem 
impressive.  Nevertheless,  in  addition  to  the  problem  of  weight,  the  problea 
of  thermal  discomfort  associated  with  wearing  helmets  is  a significant  de- 
terrent to  their  use.  Any  design  modification  making  wear  of  the  helmr  - 
more  acceptable,  without  unacceptably  compromising  protection,  is  worth  pur- 
suing . 
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C^ce  a conventional  helmet  is  placed  on  a head  in  a heat-stress  en- 
vironment, s<«ae  degr«;e  of  subject  discomfort  due  to  problems  with  dripping 
sweat  is  inevitable.  However,  there  is  a range  of  helmet  designs  which  should 
minimize  subject  disc<»afort.  This  study  shews  that  the  evaporative  heat 
transfer  from  the  head  is  not  significantly  affected  eithar  by  bringing  the 
helmet  to  within  1.27  cm.  of  the  head  surface  or  by  increasing  coverage  of 
the  head  area  from  about  50%  to  67%.  Also,  physical  differences  in  helmet- 
suspension  systems  studied  did  not  have  a significant  effect  on  the  evapora- 
tive heat  transfer  from  the  head.  However,  physical  contact  with  the  head 
should  be  kept  to  a alnlatia  since  this  area  will  not  contribute  to  tt»  evap- 
orative heat  tr^ulsfer  from  the  bead.  Furtherrore,  when  there  is  ^ air  space 
between  the  head  and  a helmet,  ai^  benefit  proild^  by  ventilating  holes  in 
helmets  for  removal  of  moisture  from  around  tl»  head  is  lost.  Finally,  wind 
* mlnimizer  any  effect  on  evaporative  heat  transfer  from  tho  head  caused  by 
differences  In  helmet  design. 
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TABLE  I.  Theraal  Characteristics  of  the  M-1  Hcltaet  Liner  with 
and  without  Ten  Ventilating  Slots  which  Provide  Open 
Spaces  Equal  to  8%  of  the  Total  Helmet  Liner  Surface 
Area 


Air  Flow 


••stiir'Air 


3 Meters /Second 


Helmet  Liner 

CLO 

io/CLO 

in 

CLO 

i^/CLO 

% 

Open  Slots 

0.94 

0.55 

0.52 

0.36 

2.2 

0.79 

Sealed  Slots 

1.03 

0.41 

0.42 

0.36 

2.1 

0.76 

TAfil^  IIA  Total  Theraal  Characteristics  In  "Still”  Air  of 
a Tropical  Ckebat  Fatigae  Bns^ble  tfsing  the  M-1 
Helset  Liner  with  Faoovable  Suspension  Syste&s 


R^ovable  Suspension  Systens 

CLO 

1^/CW) 

Standard 

1.54 

0.23 

0.36 

HEI. 

1.57 

0.23 

0.36 

Welson-Ihivls 

1.59 

0.21 

0.34 
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TABLE  HB  Thenml  Giaracteristics  of  Selected  Reoovablc 
M-1  Helaet  Liner  Suspension  Systees 


Air  Flow 


Suspension  Systeas  v/Belaet  Liner 

••Still* 

OjO 

’ Ait 

ia/CLO 

3 Metets/Second 

CLO  ia/CU)  ija 

Stradard 

1.10 

0.40 

0.44 

0.39  2.0  0.78 

HEL 

1.10 

0.38 

0.42 

0.39  1.8  0.70 

Welson-Davla 

1.04 

0.39 

0.41 

0.38  1.9  0.72 

TABLE  m Themal  Char^.cteristics  of  the  Standard  M-1  Helaet 
and  a Ckinsserclal  Riot  Control  Helset  with  a 
Face  Shield  in  the  Up  and  Down  Positions 


Air  Flow 


Headgear 

•’Stiir* 

' Air 

3 'teters/Second 

CLO 

iJCUi 

CLO 

i^/CLO 

i 

e 

M-1  Belaet  System 
v/Face  Shield  Up 

1.03 

0.43 

0.46 

0.44 

1.9 

0.84 

M-1  Helmet  Systma 

w/Face  Shield  Down 

1.20 

0.38 

0.46 

0.52 

1.7 

0.83 

Ckx^rcial  Riot  Helmet 

w/Face  Shield  Up 

1.35 

0.38 

0.51 

0.50 

2.0 

1.0 

CoBaereial  Riot  Helmet 

w/Face  Shield  Down 

1.43 

0.33 

0-47 

0.54 

1.5 

0.81 

TABU  IV  Theraal  Qiaracteristlcs  of  Selected  Helsets 


Air  ITcu 


Helsets 

"Still"  *lr 

3 fletere/Sei^nid 

Cli) 

Ig/CID 

% 

GU> 

Ig/CLO 

Aircrew  AFH-I 

1.72 

0.38 

0.65 

0.48 

1.8 

0 

Aircrew  APli-5 

1.45 

0.32 

0.47 

0.51 

1.4 

0 

Standa^  CVC 

1.2S 

0.36 

0.46 

0.43 

1.9 

0 

&iglish  Infantry 

0.97 

0.43 

0.44 

0.37 

1.9 

0 

FiK>tball  Hel»t 

1.16 

0.32 

0.37 

0.47 

1.6 

0 

^terieiental  Bayes-Scewart 

1.11 

0.35 

0.39 

0.45 

1.9 

0 

Italian  Infantry 

1.03 

0.43 

0.44 

0.42 

2.0 

0 

Experi^ntal  Paracteitist  Liner 

1.36 

0.37 

0.50 

0.54 

1.5 

0 

Standard  H-1  Relset  Liner 

1.10 

0.40 

0.44 

0.39 

2.0 

0 

r 
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1.  (A)  Photograph  of  the  Original  Ha*  s-Stew^rc  . fleets  airf 

CB)  Ptetf^raph  of  the  Standard  C"  -va  .ankers  Kdsets 

2.  Photograph  of  4 of  the  S Experisciittfl  Stst^off  Belsets 
S^nring,  Left  to  Right:  2.540-s.,  1.905-ce. , 0.635-<2j.  , a^ 

0-cs.  Stai^off  Belaets. 

3.  Qirves  (A)  and  (B)  stow  do  as  a fonction  of  Helxst  Standoff  Ustaace. 

Qirres  (C)  and  (D)  shov  l^/clo  as  a function  of  Bd^t  Standoff 

Distance. 

A.  Fl»>t(^aph  of  M-1  l^liaet  Limr  Showing  Locations  of  tte 
Vencllatisg  Slots. 

5.  Chirves  (A)  and  fB)  show  do  as  a ftmction  of  ^ad  Area  Covers^. 

Ckirves  (C)  and  CD)  show  i^/do  as  a functicm  of  Be^  i^ea  Coverage. 

6.  Pl^togr^dis  of  Reaovable  M-1  Belset  Litter  Suspensitm  Systeca: 

{A)  Ststdard,  (E)  Belson'lhivls,  (C)  HEL. 

7.  fhotograi^  of  telaets  with  Face  Shields:  (iO  Standard  1^1  Helaa*, 
Face  Shidd  Vp;  (B)  Standard  M-1  I^lMt,  Fat^  Shield  Down;  (C) 
Cnmtxcial  Riot  Cratrol  Beli^t,  Face  Shidd  Up;  (D)  Coaaierri si 
Riot  Contrd  Belaet,  Face  Shield  Down. 

8.  Photographs  of  Selected  Belaets  Presently  is  Tdble  IF:  (A)  Aircrew 
AFH-1,  (B>  Aircrew  APB-5,  (C)  Standard  CFC,  (D)  English  Inf^ttry, 

(E)  Footbdl  Belaat,  (F)  E:qperiBcntal  Bigres-Stewart,  (C)  Italian 
Infantry,  (E)  &c;«rimBtal  Paraclnitlst  Liner,  (I)  M-1  E^laet  Liner. 


scevATT  a.«ninc*TMNi  or  Tmt  ^ 


Rffcmr  mmmtkTnm  psm 


mEmmmAKritom. 


iwctnuiT^  cvriAM  mn^mm 


TY»c  or  nmMrr  » covcutt 


ft.  rcurewwMe  oiis.  mmmm 


*.  C^TMACT  0«  eilAMT  NWlMCIIfsj 


•.  rtwroiimg  oi@aim2*ti»i  mmn  a«o  AECRtst 


OSA  lesQgrch  Isstltete  of  Envircwmf  1 
Sjitlck,  MA  0176C 


II.  SMTIIOU.MI6  arncic  mm«  mio  «««— « 


Sae  a 9.  aboa 


IR  1RMITONHI6  AeOtCT  MAMC  • AOMimfW 


USTMMTIOM  STATAMIT  (MMW* 


Qoliaited  diatrikxtion 


».  otmwMmoii  STATCMrr  am 


I*.  RCV  AOI^  fCiwrliM«  — I 


Protecdvo  helitfts,  beat  stras,  beat  trasfer,  e:9a^ratlc«»  iasalation, 
ergoaoelcs 


^ AMTItACr  fCfmt1ttu9  fpo—  m iKvnf#  mm  ■!•<*  < 


The  heat  trasfer  propertia  of  protect!^  be^geer  have  bees  detemi^d 
in  ch^ier  studies  using  a pl^slcal  acdel  (cc^iper  calkin).  Tim  ev^nti^ 
teat  transfer  Cla/tlo)  froa  a head  In  ’’still*’  air  was  eoestat  ^$oiw  a stad*> 
off  distance  of  1.27  cs.  for  telats  with  a castac  bead  area  coverage  C®7X), 
educing  the  head  area  corerage  fr<^  672  to  472  vas  tie^sary  to  signlficatly 
increase  the  evaporative  heat  transfer  for  a helaet  stadoff  distace  of  1.27 
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